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(57) ■ A new soft tissueMmplarit filling material is dis- .-. ; 
closed. The material may be polyvinylpyrollidbne, poly- ':• 
vinyl alcohol, hydroxypropylmethyl cellulose, polyethyl- 
ene oxide, hyaluronic acid.'sodium or calcium alginate. 



hydrogel polyurethana, hydroxyethyl starch, polyglycol- 
ic acid,:p.olyacrylamide. hydroxyethylrhethacry'late (HE- 
MA), and several naturally derived biopolymers Includ- 
ing sodium kinate, seaweed, and agar 
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Descripticxi 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention is directed to the field of soft 
tissue implant prostheses, such as breast and testicular 
implants'and tissue expanders, and more specifically, is 
directed to a filling material for such implants. 

2. ART BACKGROUND: 

Soft tissue medical implants generally are made of 
a silicone medical grade elastomer shell and a filling ma- 
terial disposed inside of the shell. If the shell ruptures, 
either as a result of accidents or through crease-fold flaw 
or failure, the filling material escapes into the body. For 
this reason, if the filling materia! is a gel it is desirable 
that the gel contain only biocompatible ingredients, have 
a low total solids content, be excretable or metaboliza- 
ble and be sterile. 

Soft tissue medical implants, such as breast im- 
plants, testicular prostheses, chin, cheek, pectoral and 
calf implants and the like, but particularly, breast im- 
plants, have gone through a tremendous transition over 
the past few years as a result of various concerns, jus- 
tified or not, regarding the safety of silicone gel filling 
materials. As a result, a number of materials have been 
proposed to replace the silicone gel materials which 
have been commonly used over the past 30 years, or 
longer. 

For example, in U.S. Patent No. 4.731.081 a 
number of materials including polyvinylpyrrolidone 
(PVP). polyvinyl alcohol, hydroxyethyl starch, lecithin, 
peanut oil, cottonseed oil. fatty acid salts and fatty acid 
esters have been proposed to prevent the problem of 
fold flaw. 

U.S. Patent No. 4.772.284 relates to a breast im- 
plant filled v/fth collagen ge! or a gel made from polyal- 
pha amino homopolymers or random copolymers hav- 
ing a molecular weight in the range of 5,000 to 400,000. 

U.S. Patent No. 4.787,905 relates to a gel for a 
breast prosthesis consisting of a mixture of hydroxyter- 
minated polybutadiene resin, diundecylphthalate. 
polymethylenepotyphenyl isocyanate and dibutylin di- 
laurate catalyst which cures to form a gel. 

U.S. Patent No. 4,995.885 relates toan implant with 
alleged radiolucent characteristics made from biocom- 
patible triglycerides, such as peanut oil or sunflower oil, 
having an effective atomic number of 5.9. 

U.S. Patent No. 5,287,857 relates to an implant with 
a gel filling material of water and a cellulose gelling 
ag nt, such as carboxym thylc Iluloso, methylcellu- 
lose, hydroxyethylcellulose. or the like. A lubricating 
agent additive is also proposed. 

U.S. Patent No. 5,219,360 r lates to a filling mate- 
rial for an implant comprising a gel made of cross-linked 



hyaluronic acid and hylan. 

No one has heretofore proposed that alginate gel 
may be used as a filling material. There is a significant 
amount of research on alginate materials, which will be 
s discussed briefly herein. In molecular terms, alginates 
constitute a family of unbranched copolysaccharides of 
1-4 linked p-D-mannuronic acid (M) and «-L-gu!uronic 
acid (G), of composition and sequence dependent on 
the organism or tissue form which they are isolated. In 
10 seaweed alginates, such as that isolated from Laminaria 
hyperborea, the two monomers are arranged in a pat- 
tern of blocks along the chain, with homopolymeric re- 
gions (termed M and G blocks) interspersed with re- 
gions of altemating structure (fy/IG blocks). 
J5 It is the G-blocks of alginates which impart one of 
its most useful and important properties, namely, the 
ability of alginic acid to form water insoluble salts by 
electrostatic interactions with some multivalent ions (e, 
g., Ca^*. Ba2+. Al^). Divalent cations, such as calcium, 
20 bind preferentially to G-blocks in a highly cooperative 
manner that has been termed the "egg-box mclctf. Ho- 
mogeneous alginate emulsions can be ma--: using 
CaCl2 or other calcium salts in combination with ethanol, 
and phosphatidylcholine. Pronova Biopotymers, Irrc. 
25 has recently begun promoting some highly purified algi- 
nates designed for certain biomedical applications. 
More specifically, the company produces ultra-pure 
gi-ades with a very , low .content of protein, endotoxin, 
heavy metals and polyphenols. The company supplies 
30 alginates from Laminaria hyporborea, a seaweed natu- 
rally high in G content, which have been shown not to 
stimulate cytokine (e.g.. lL-6. TNF^) production when 
incubated with monocytes. 

George Blaine, in 1944, is credited with first illus- 
35 trating that calcium/sodium alginate is resorbable in an- 
imals. Histologically, resorption usually occurs by 
phagocytosis in the absence of a dense inflammatory 
capsule, necrosis, fibrosis or scar tissue formation. Al- 
ginates are listed as non-irritants to human skin and 
•^0 eyes in the most recent BIBRA Toxicology Report. Ex- 
tensive testing has established that alginate is safe 
when used in a body. 

Clinically, Oliver and Blaine, in 1 949, used alginate 
as an absorbable hemostat in various types of brain sur- 
45 gery. Since the 1 940's alginate has been used success- 
fully in other deep surgeries, as an intravenous plasma 
expander, for intraperitoneal and subcutaneous injec- 
tions ol various drugs, in various surgeries of the eye, 
ear, nose, mouth, throat and sinuses, as a hemostat for 
50 ulcers of the gastrointestinal tract, in morphine rectal 
suppositories and medical examinations of the colon, 
rectum and vagina, as wound, burn and surgical dress- 
ings, for ileostomal impressions, and even to correct in- 
grown toe-nails. 
55 None of these prior art patents recognize or address 
most of the imponant technological issues which are in- 
volved in the selection of an appropriately safe and ef- 
fective implant filling material. It would b desirable to 
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provide a new filling material which is safe and effective 
and is an improvemeni over the characteristics of the 
prior art nnaterials. 

SUMMARY OF THE INVENnON 

The present invention is a surgically innplanlable 
soft tissue implant filling material having a number of 
desired characteristics, many of which have not hereto- 
fore been recognized in the prior art. 

The important characteristics are as follows: 

1) The filling material should be compatible with the 
shell or membrane containing the filling material, as 
well as other components of the implant, 

2) The viscosity, which is often a reflection of the 
molecular weight of the filling material and the solids 
content, should provide a soft tissue like feel to the 
implant and be maintained for the expected service 
life of the device, - 

3) The filling material should be sterile, 

4) The osmolality of the filling material should bo the 
same or similar to the osmolality of body fluids, 

5) The pH of the filling materiafshould be neutral on', 
nearneutralrty,- • - " ":: 

6) The filling material may be buffered in order to 
maintain the pH within the desired range. 

7) Antioxidants may be included to enhance long 
term stability of the material, 

8) The filling material should be sufficiently lubri- 
cious to reduce the risk of abrasive failure of the im- 
plant, 

9) The radiolucency of the filling material should be 
greater than that of silicone gels, and should be op- 
timized, and 

10) The filling material should be biocompatible; in- 
cluding non-toxic, and relatively easily excretable or 
metabolized in the body with no adverse effects. 

Several materials have been identified which may 
h)5et these criteria. Those materials include polyvi- 
nylpyrrolidone (PVP), polyvinyl alcohol (PVA), hydroxy- 
profjylmethyl cellulose and derrvatives, polyethylene ox- 
" idp (PEO). hyaluronic acid (HYAor HUA), sodium or cal- 
cium alginate, hydrogel polyurethane, hydroxyethyl 
starch (HES), polyglycolic acid, polyacrylamide, hydrox- 
yethylmethacrylate (HEMA), and several naturally de- 
rived biopolymers including sodium kinate, seaweed, 
and agar. 



One gel formulation of the present invention, in its 
preferred embodiment consists of sodium alginate in the 
range of 0.25% to 15% and preferably. 1% to 5%, as a 
viscosifier. CaCla-aHaO in the range of 0.1% to 1.2% 
5 and preferably, 0.2% to 0.5% as an electrostatic gelling 
agent; 0.001% to 0.5%, and preferably 0.005% to 
0.1 5%, phosphatidylcholine in 0.1% to 8% and prefera- 
bly 0,5% to 5% ethanol as lubricity agent and antioxi- 
dant, respectively, and various salts for isotonic batanc- 

• . , i _ r\ r\r\c%/ f\ t 00/ «.-«#rt.-^Uhi n n>lO/_ 

It! ClUUIltUM, U.UO/O WJ W. I O /O atlXJ pi a wi/ v.w-r/v» 

to 0.08% ceftazidime and 0.002% to 0.05% and prefer- 
ably 0.004% to 0.012 % miconazole may be added as 
antimicrobial and antifungal agents, respectively. Fur- 
themnore, sodium deoxycholate or other bile acids could 

15 be substituted as the lubricity agent. Glycerin, mannrtol 
or other potyhydric alcohols, Nal. and MgCIs could be 
substituted as the antioxidant. 

One of the advantages of using an electrostatically 
cross-linked gel is that if the silicone implant shell should 

20 rupture, the calcium from the gel will be exchanged by 
excess sodium ions in the biological milieu converting 
calcium alginate to sodium alginate, which is soluble in 
body fluids and can be hydrolyzed by leukocytes or en- 
zymes or be excreted via the spleen or the kidneys. 

25 Another advantage of using electrostatic. geljation 
of the G-blocks is that there are so many G-blocks within 
each cliain that the normal process of hydrolysis nnay 

" - ' occur-manyftimes without comprorhising the three^ir: 
. mensional network. Thus, these gels, maintain tiieir vis- ^ 

30' cous properties longer than most synthetic or natural 
free polymer chains and longer than some covalentty 

• cross-linked synthetic or natural polymers. 

Another gel formula in accordance with the present 
invention is based upon polyacrylamide and derivatives 
35 thereof. The solid content of such a formulation is in the 

• range of 2 to 20%. The viscosity is in the range of 1 5,000 
to 75,000 cps. The molecular weight range of the ;Doly- 
acryiamide is 200,000 to 1 .5 million.. 

40 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The materials of the present invention have the fol- 
lowing particularly advantageous characteristics: 



45 ' 

1 ) Compatibility with the shell or membrane: The fill- 
ing material must necessarily be compatible with 
the shell material in that it cannot react with the. 
shell, and the shell must be capable of retaining the 

50 filling material without substantial leakage or bleed- 
ing. There shall be no degradation of shell or nrlern- 
brane physical properties and other components (e, 
g,, valves, patches, washers) due to contact' with 
filling material. The standard shell materials typical- 

55 ly used in medical implants include polydimethyl si- 

loxane. polyurethane, polyurethane/poiyestor co- 
potymer, or other similar viscoelastic membranes. 
On test for bleed of the filling material through the 
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shell invofves the solubility of the filfing material in 
the shell material, or th measurement of the Hilde- 
brand parameter, which is a measure of polymer- 
liquid interaction at the interface between the filler 
and the shell. For non-aqueous filling materials, the 
Hildebrand parameters of the filling material and the 
shell or membrane should be sufficient^ different to 
discourage bleed. A high rrx^lecular weight of the 
filling material will also discourage bleed. 

2) Viscosity and molecular weight: These parame- 
ters relate to the feel of the prosthesis, making the 
preferred filling material more gel-Itke than liquid- 
like. Additionally, it is necessary to provide both 
chemical and mechanical stability so that the filling 
material does not lose its soft tissue-like feel either 
during storage or in the body at body temperature. 
For the purposes of the present invention, an ap- 
propriate balance between viscosity and isotonicity, 
which is related to the molecular weight and the sol- 
ids content, on the one hand, and biocompatibility 
of the material, which is a function of its excretability, 
ability to be metabolized, and its long-term toxicol- 
ogy (effects, on the other hand, is important in the 
selection of an appropriate filling material. 



that the material is either excreted from the body, or 
is easily metabolized into harmless byproducts. 
Non-metabolized materials must be sufficiently 
small that they can be transported through mem- 
s branes and excreted by the body in the urine or fecal 
matter. Overall, the material should not demon- 
strate any long-term adverse affect. 

Several ideal compositions have been identified 
10 and their formulations are set forth below: 

Alginate: 

A calcium alginate gel is a presently desired form 
fs of the filling material, and is made by combining sodium 
alginate with calcium chloride or other calcium salts in 
an appropriate ratio. The composition consists of the fol- 
lowing components: 

20 Sodium alginate: 0.25% to 15% and preferably 1 to 
5%, and most preferably 2% 

Calcium chloride dihydrate (CaCl2-2H20): 0.1% to 
1 .2%. and preferably 0.2% to 0.5%, and most pref- 
25 orably 0.32%. 

PC (phosphatidylcholine): 0.001% to 0.5%, prefer- 
ably 0.005% to 0.15%, and mostipreferably 0.01,%- 

Sodium Chloride: 0.2% to 0.5% to nr^ke the formu- 
lation isotonic. 

Ethanol: 0.1% to 6%, preferably 0.5% to 5%. 

The osmolality range for the final alginate gel is 200 ■ 
mOsm/kg to 400 mOsm/kg. and preferably 250 mCsnV- 
kg to 350 mOsm/kg, 

The viscosity of the alginate gel is in the range of 
5.000 cP to 150,000 cP. and preferably 50.000 cP to 
120,000 cP as measured by a Brookfieid model DV-II+ 
viscometer at and a shear rate of 0.42sec"V 

The pH of the final alginate gel is broadly in the 
range of 5 to 1 0. and preferably 6 to 8. 

The alginate has a guluronic acid content above 
30%. Also, bacterial alginate which has been modified 
with a mannuronic acid epim erase would tutfill the nec- 
essary characteristics of an appropriate alginate mate- 
rial. 

In the presently preferred fonmulgtion, the calcium 
alginate gel is formed by mixing five solutions. of low vis- 
cosity together: 

1) Solution I: - - 

A mixture of 13 volum % of (a) and 87 volurne 
% of (b). Note: The solution will have a blue hue; 
bui no precipitation occurs. 

(a) 0.77 g of PC in 100 ml of EtOH; 



3) Sterility: The material must be sterilizabte by heat 
or radiation or chemical or filtration methodology, 
and should be compatible with appropriate antimi- 
crobial additives. Several antimicrobial and antrfun- 30 
gat agents which are shown to be effective include 
ceftazidime or other third generation cepha- 
losporins, miconazole and amphotericin B. 

4) Osmolality: The osmolality should be in the range ^5 
of 200 to 400 mOsm/kg. 

5) pH: The pH should be in the range of pH 6 to 8. 

6) Buffering: An appropriate buffer may be added -^o 
and should be compatible with the material to main- 
tain the appropriate pH and stability of the filling ma- 
terial. 

7) Antioxidants: Appropriate antioxidants, such as 4S 
MgClg, may be added to enhance the stability of the 
formula. 

8) Lubricity: Lubricity agents may be added to im- 
prove the ability of the filling material to protect the 
envelope from abrasion. 

9) Radiolucency: The radioluccncy of the filling ma- 
terial should be comparable with or bett r than that 
of 0.9% saline. ss 

10) Biocompatibility: The material should be bio- 
compatible. As used herein biocompatibility means 
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(b) 0.9 wt% CaCl2-2H20 in USP water for injec- 
tion; 

2) Solution II: 

USP water for injection; 

3) Solution III: 

3.33 wt% sodium alginate and 1 .0 wt% NaCI 
ip USP water for injection; 

4) of Solution IV: 

USP water for injection; 

5) Solution V: 

1 . 1 wt% CaCl2-2H20 in USP water for injec- 
tion. 

These solutions are preferably fittered through a 
0.2|a filter and filled into mammaries in the following way 
(for every 100 ml of calcium alginate gel): 

(1) Filter 11.5 ml of Solution I into each mammary, 
using filter #1. 

(2) Filter 5 nnl of Solution II into each mammary us- 
ing filter #1. 

(3) With as little agitation as possible, filter 60 mrbf 
Solution 111 into each mammary using filter #2. After 
each mamnnary is filled, mix the solution rather vig- 
orously by massaging the mammary with hands for 
about 45 seconds, 

(4) Filter 5 ml of Solution IV into each mammary us- 
ing filter #1 . Mix to form a homogeneous solution. 

(5) Filter enough air into each mammary so that the 
contents of the mammary are well below the fill tube 
inlet opening. 

(6) With as little agitation as possible, filter 2.0 ml of 
Solution V to each mammary 1 using filter #1 (see 
footnote After each mammary is filled, mix the 
solution rather vigorously by massaging the mam- 
mary with hands until the solution becomes homo- 
geneous. (The solution should thicken quickly. Con- 
tinue massaging each mammary for an additional 
30 seconds. 

The mammary prostheses are then packaged into 
double thermoforms with lids or pouches after the fill 
valve is sealed with a silicone adhesive. This package 
is shipped inside a zip-lock bag (to provide moisture bar- 
rier) for terminal sterilization. Electron beam irradiation, 

^ Mixture splashing back to the inlet will resultin get formation and block- 
age of the opening. If btockage should occur, try massaging the inlet 
opening area. Do not appty high pressure to a blocked inlet, since it may 
resutt In a separation of the fill tut>e component 



gamma irradiation or autoclave may be used to terminal 
sterilize the package after removing it from the zip-lock 
bag. The package is then be placed into a foil pouch and 
sealed up. 

5 Phosphatidylcholine (PC) is a desired component 
of the gel . It provides several different functions. PC is 
amphiphilic. thus, it is a lubricity agent for the silicone 
rubber shell. PC also competes with the alginate chains 
for calcium cations, transfonming a calcium alginate brit- 
io tie gei into a fiowing yei. TKiis property is consistent With 
previous uses of PC as a gel dispersanl and is believed 
to aid in excretion of large quantities of the gel should 
the shell rupture. PC acts as an emulsifier. which has 
been shown to increase both polysaccharide and ce- 
is phalosporin stability. The compatibility of alginate with 
PC has been established in other systems such as mi- 
croencapsulated liposomes, wound dressings and 
transdermal controlled release systems. 

PC has been used clinically in parenteral prepara- 
20 lions of doxorubicin, amphotericin, benzodiazepines, 
penicillin, and vitamins as well as an emulsifier tor es- 
sential fatty acids and oils in total parenteral nutrition; 

Forth© use of an alginate filling material in an inflat- 
able prosthesis, it may be desirable to incorporate anti- 
cs nnicrobial and antifungal agents. Although alginates are 
very resistant to bacteria when compared to other 
polysaccharides, some microorganisms do produce al- 
~ ~ ginases. Bacterial and fungal growth studies were: per- 
formed using the most commonly encountered bacteria^: 
30 and fungi in the operating rooms of hospitals. The study 
concluded that 0.06% ceftazidime and 0.006% micona- 
. zole produced a three (3) or more log reduction iin the 
popuialion of all the challenging organisrins. Miconazole 
is a broad spectrum antifungal, that also has activity 
3S against gram-positive bacteria. In addition, the men- 
tioned concentration of ceftazidime is higher' than the 
minimal inhibitory concentration of 'all reported ceftazi- 
dime resistant strains; however, should simultaneous 
rupture of .2-800 cc implants occur, the amount of 
40 ceftazidime and miconazole released would be lower 
than a single prophylactic intravenous or intramuscular 
dose, and therefore, the amounts of antibiotics used in 
the present invention are believed to be safe. 

. The literature contains several citations involving 
45 the use of intraluminal steroids, antimicrobials, antiin- 
flammatories and pain relievers. To date, hundreds of 
thousands of patients have received hip or knee pros- 
theses fixed with antibiotic containing cement. It has al- 
so become clinically routine to impregnate vascular 
50 grafts or catheter cuffs with antibiotics. 

A polar steroid such as Cortisol has a pemneation 
value for silicone rubber of 0.00025 jag mm-^h'^ PC, mi- 
conazole and ceftazidime have been chosen with polar 
groups and molecular weights greater than steroids 
55 (330-450Da.), so that migration through the shell should 
be negligible. 

All sterilization methods investigated, with the x- 
ception of filtration, cause depolymerization of alginate. 
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Using free radical scavengers can enhance the stability 
of the alginate solution to electron beam irradiation, 
gamma irradiation or autoclave. Testing showed that the 
gel with 6% glycerol or mannitol. or 0.5 to 5% ethanol 
maintained an acceptable viscosity after irradiation or 
autoclave. 

Sodium Hyaluronate: 

1 . 1 to tO% hyaluronic acid with modified balanced 
salts (USP or NF grade): 0.075% KCI, 0.048% 
CaClg, 0.030% MgClg, and NaCI in sterile pyrogen- 
f ree water to achieve the osmolalrty range specified 
below. (MgCl2 also serves as an antioxidant agent.) 

2. 0.03 to 0.13% Ceftazidime and 0.002 to 0.057o 
miconazole. 

3. The viscosity of. the hyaluronic acid gel is 5,000 
- 150.000 cps at 37**C and the osmolality is 200 to 
400, and preferably 250-350 mOsnVkg. 

PVA 

3A. 6% polyvinyl alcohol (PVA) (M.W. equivalent to 
Elvanol 52-22; 40 KD) with 0.07 ml of 25% glutar- 
aldehyde (cross-linking agent). 0.3 ml 85% H3PO4. 
4 ml 1.85 M NaOH per 100 ml of 6% PVA solution- 
and 0-66% NaCI in sterile pyrogen-free water, 
or 

3B. 3% PVA (M.W. equivalent to Eh/anol 50-42; 75 
KD) with 0-06 ml of 25% glutaraldehyde (cross-link- 
ing agent). 0.3 ml 85% H3PO4, 4 ml 1.85 M NaOH 
per 100 ml of 6% PVA solution and 0.66% NaCI in 
sterile pyrogen-free water, 
or 

3C. 10% PVA (M.W. equivalent to Elvanol 52-22; 40 
KD) and 0.66% NaCI in sterile pyrogen-free water 
buffered to pH 7 with 0.05M NaH2P04. 
or 

3D. 2 to 30% PVA synthesized Irom Ethanol based 
Solvent (MW range 1 0 - 50 KD) with similar combi- 
nation of crosslinking agent, buffering and stability 
agents as previously discussed in 3A, 3B or 3C. 

The moiecular weight which provides an appropri- 
ate viscosity for PVA is preferably in the range of 1 0,000 
to 40,000 Dattonc, 

HPMC 

Hydroxypropylmethyl cellulose (HPMC) and its de- 
rivatives noay be employed as filling materiais in the 
present invention. Derivatives of HPMC include hy- 
droxyalkyl cellulos , sodium carboxymethyl cellulose. 



hydroxyethyl cellulose, hydroxypropyl cellulose, meth- 
ylhydroxypropyl cellulose, methyl cellulose and ethylhy- 
droxyethyl cellulose. 

1 to 10% HPMC solid content of low to mediurh mo- 
s lecular weight (MW 1 0,000 to 40,000 Dalton). The vis- 
cosity can be enhanced with the addition of less than 
1 % p-benzoquinine. Similar antimicrobial and antifungal 
agents as those discussed in the above examples are 
used. 

70 

PQLYACRYLAMIDE 

Potyacrylamide, in a linear, branched chain, or 
cross-linked form can be used as a filling material In ac- 
15 cordance with the present invention. As a preliminary 
matter, it has been found that commercially available 
material is not sufficiently pure, and therefore, purifica- 
tion is desired for the preferred embodiment. 



PQLYACRYLAMIDE FOR USE IN VISCOELASTIC 
SOLUTIONS 

Raw Materials 

Acrylamide, Electrophoresis Grade or other com- 
mercially available 

N, N'-methylenebisacrytamide 

Triethanol amine (TEA) 

Ammonium Persutfate 

Ammonium Sulfate 

Deionized Water (Dl water). 1 2 MQ or better 

Ethanol. USP 

Polymerization 

The polymerization is carried out in solution. The 
concentration is selected so that the resulting polymer 

45 solution is stirrable. 

Acrylamide (and methylenebisacrylamide, or other 
crosslinking agent, if used) and ammonium sulfate are 
dissolved in Dl water in a polymerization vessel. While 
stirring, the solution is charged with nitrogen and the 

50 vessel continuously purged with nitrogen to eliminate 
and exclude oxygen from the reaction. Amnnonium per- 
sulfate and TEA are dissolved in Dl water in separate 
containers and the solutions charged with nitrogen. The 
reaction is initiated by adding the ammonium persutfate 

55 solution followed by th TEA solution without admitting 
oxygen to the reactor. The reaction may be run adiabat- 
ically or the temp rature controlled by a heating or cool- 
ing bath. Th polymerization is run essentially to com- 
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pletion, which typically requires several hours. 
Preciprtation 

The potymer is separated from the solution by pre- s 
cipitation with alcohol. Any lower alcohol may be used, 
but preferably ethanol is used. The precipitation may be 
carried out in the polymerization reactor, or the polymer 
solution transferred to s suitable vessel. 

While stirring the solution, alcohol is added slowly io 
until the polymer becomes insoluble and precipitates 
from solution. This occurs rapidly over a very narrow 
range of alcohol concentration. More alcohol is added 
to bring the slurry volume to about four times the initial 
solution volume and stirring continued for a period of 15 
time to allow the polymer particles to equilibrate with the 
alcohol water solution and firm up. The solid polymer is 
then collected on a filter. The polymer particles are then 
resturried in alcohol and stirred tor a period of time. The 
collection and reslurring is repeated. At this point, the 
polymer has previously been dried, but it would be more 
efficient to hold it as a slurry in alcohol. 

Purification 

. 25 

Most of the salts and unreacted monomer remained 
in the aqueous phase on precipitation of the polymer. . 
The residual nhonorher is reduced to an acceptable level 
by extraction with water-alcohol solution. 

Dry polymer powder or polymer filtered from aico- 30 
hol-water slurry is placed into a beaker or other suitable 
vessel and slu rried in alcohol water solution. The alcohol 
concentration is adjusted so that the polymer particles 
will be swollen, but will not agglomerate. After a period 
of time, the alcohol concentration is increased to firm up 35 
the particles for separation from the liquid on a filter. This 
process is repeated for four extraction cycles. The pol- 
ymer particles are then slurried in an alcohol-water so- 
lution with the alcohol concentration adjusted so as to 
produce a desirable residual alcohol content in the dried 40 
polymer. The polymer is collected on a filter and dried. 

Drying 



Claims 

1. An implantable soft tissue prosthesis comprising: 

a hollow shell formed of a flexible elaslomeric 
envelope, said shell having an inner volume 
and an exterior surface, said prosthesis being 
adapted to be surgically implanted and to retain 
a desired shape when filled with a filling male- 
rial; 

said filling material comprising a gel or viscous 
liquid that is selected from the group consisting 
of polyvinylpyrollidone, polyvinyl alcohol, hy- 
droxypropylmethyl cellulose, polyethylene ox- 
ide, hyaluronic acid, sodium or calcium algi- 
nate, hydrogel polyurelhane. hydroxyethyl 
starch, polyglycolic acid, polyacrylamide. hy- 
droxy ethylmeth aery late (HEMA). and several 
naturally derived biopolymers including sodium 
kinate, seaweed, and agar, wherein said filling 
material has an osmolality in the range of 200 
to 400 mOsm/kg. and a radiatiori penetration 
comparable with or better than that of 0.9% sa- 
line. 

2. The implant of claim 1 wherein the pH of said filling 
material is in the rarige of 6 to 8. 

3. The implant of claim 1 further comprising 'an appro- 
priate buffer. 

4. The implant of claim 1 further. comprising antinriicro- 
bial and antifungal agents and combinations there- 
of. 

5. The implant of claim 4 wherein said antimicrobial 
and antifungal agents are selected from the group 
consisting of miconazole, ceftazidime or other third 
generation cephalosporin and amphotericin B. 

6. The implant of claim 1, wherein the filling material 
comprises: 

a) 0.25 % to 1 5 % by weight sodium alginate; 

b) 0,1 to 1.2% CaCl2-2H20 ^ 

c) 0.001 % to 0.5 % phosphatidylcholine and 

d) wherein the viscosity of the forrnulation gel 
is in the range of 5,000 cp to 1 50.000 cp at 37°C 
and a shear rate of 0.42 secV 

The implant of claim 6 wherein the osmolality is 200 
to 400 mOsm/kg. 

8. The implant of claim 6 wherein the alginate is from 
Laminaria hypBrborea. 



The mass of wet polymer is spread on glass trays ^5 
and vacuum dried without heat. This typically requires 
two days. For larger volumes, a vacuum tumble dryer 
would be effective. 

It will be understood by person of ordinary skill in 
the art that many changes, additions, deletions and sub- so 
stitutions can be made to the present invention, the 
presently preferred embodiment of which is described 
herein, without departing from tho.spirit and scope of the 
present invention. 
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9. The implant of claim 6 wherein the alginate is bac- 
terial alginate which has been modified with an epi- 
merase. 

10. The implant of claim 6 wherein the alginate has a s 
guluronic acid content above 30%. 

11. The implant of claim 1 wherein the filling material 
comprises: 

10 

a) 1 to 10% hyaluronic acid with modified bal- 
anced salts. 0.075% KCI, 0.048% CaClg. 
0.030% f^gClg. and NaCI in sterile pyrogen- 
free water; 

15 

b) 0.03 to 0.13% ceftazidime and 0.002 to 
0.05% miconazole; 

c) and wherein the viscosity of the HNA gel is 
5.000 to 1 50,000 cps at 37*0 and the osmola- 20 
lity is 200 - 400 mOsm/kg. 

12. The implant of claim 1 wherein the filling material 
comprises: 

25 

a) 0.002 to 0.05 % miconazole; 

b) 0.03 to 0. 1 3% ceftazidime; 

c) polyvinyl alcohol selected from the group 30 
consisting of: 

i) 6% polyvinyl alcohol . 0.07 ml of 25% gl- 
utaraldehyde. 0.3 ml 85% H3PO4, 4 ml 1 .85 

M NaOH per 100 ml of 6% polyvinyl alcohol 35 
solution and 0.66% NaCI; 

ii) 3% polyvinyl alcohol , 0.06 ml of 25% gl- 
utaraldehyde. 0. 3 ml 85% H3PO4. 4 ml 1 .85 

M NaOH per 1 00 ml of 6% polyvinyl alcohol -^o 
solution and 0.66% NaCI; 

iii) 10% polyvinyl alcohol and 0.66% NaCI 
buffered to pH 7 wrth 0.05M Na^^PO^; and 

45 

(V) 2 to 30 % PVA (fWlW range 10-50 KD) 
with glutaraldehyde. H3PO4, NaOH and 
0.66% NaCi. 

13. An implantable soft tissuG-prosthesis comprising: 50 



said filling material comprising a gel or viscous 
liquid that is selected from the group consisting 
of 1 to 10 % hydroxypropylmethyl cellulose 
(HPMC) and its derivatives, said derivatives be- 
ing selected from the group consisting of hy- 
droxyalkyl cellulose, sodium carboxymethyl 
cellulose, hydroxyethyl cellulose, hydroxypro- 
pyl cellulose, methylhydroxypropyl cellulose, 
methyl cellulose and ethylhydroxyethyl cellu- 
lose, said HPMC having a molecular weight In 
the range of 10,000 to 40,000, wherein said fill- 
ing material has an osmolality in the range of 
200 to 400 mOsm/kg, and a radiation penetra- 
tion comparable with or better than that of 0.9% 
saline. 

14. The implant of claim 1 wherein the filling material 
comprises polyacrylamide and/or derivatives there- 
of having a solid content of such a formulation in the 
range of 2 to 20%, a viscosity in the range of 1 5,000 
to 75,000 cps and a molecular weight range of the 
polyacrylamide in the range of 200,000 to 1.5 mil- 
lion. 

15. The implant of claim 1 further comprising a low mo- 
lecular weight alcohol. 

16. The implant of claim 1 wherein the low molecular- 
weight alcohol is ethanol. 

17. The implant of claim 1 further comprising an anti- 
oxidant. 

18. The implant of claim 1 further comprising a lubricity 
agent. 
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a hollow shell formed of a flexible elastomeric 
envelope, said shell having an inner volume 
and an exterior surface, said prosthesis being 
adapted to be surgically implant d and to retain 55 
a desired shape when filled with a filling mate- 
rial; 
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1. Claims 1 (partially); 2-5.15-18 (completely) : 

An implantable soft tissue prosthesis comprising a hollow shell and a filling 
material comprising a gel or viscous liquid CQngigt'nq polyvinylpyrrolidon. 

2. Claims 1 (partially); 6-1 1 .13 (completely) : 

An implantable soft tissue prosthesis comprising a hollow shell and a filling 
material comprising a gel or viscous liquid consisting of hydroxypropylmethyl 
cellulose, hyaluronic acid, sodium or calcium alginate, hydroxyethyl starch and 
several naturally derived biopolymers including sodium kinate, seaweed and 
agar. 

3. Claims 1 (partially); 12 (completely) : 

An implantable soft tissue prosthesis comprising a hollow shell and a filling , 
material conriprising a gel or viscous liquid cQnsjst'nq ol polyvinyl alcohol. | 

4. Claims 1 (partially); 14 (completely) : ' ' . - 
An implantable soft tissue prosthesis comprising a hollow shell and a filling 

material comprising a gel or viscous liquid consisting of polyacrylamide. 

5. Claim 1 (partially) : 

An implantable soft tissue prosthesis comprising a hollow shell and a filling 
material comprising a gel or viscous liquid consisting of polyethylene oxide. 

6. Claim 1 (partially) : 

An implantable soft tissue prosthesis comprising a hollow shell and a filling 
material comprising a gei or viscous liquid consisting of hydrogel polyurethane. 

7. Claim 1 (partially) : 

An implantable soft tissue prosthesis comprising a hollow shell and a filling 
material comprising a gel or viscous liquid ngnsistinq of hydroxyethyl 
methacrylate (HEMA). 
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